Introduction
both pinnipeds and cetaceans to be included in a comparative analysis of relative neonatal body masses in mammals. In this Numerous studies have described interspecific relationships paper I test the hypothesis that the neonates of marine mambetween life-history traits and body size of mammals (e.g., mals are not significantly bigger or smaller, in relative Leutenegger 1976; Blueweiss et al. 1978; Millar 1981;  terms, than the neonates of terrestrial mammal groups. Stearns 1983; Martin 1984; Harvey and Clutton-Brock 1985) . One of the strongest (and least surprising) relationships is the positive log-log relationship between neonatal and adult body masses: heavier species of mammal, in general, produce heavier neonates (e. g . , Leutenegger 1976; Blueweiss et al. 1978; Millar 198 1) . However, there is significant variation in the relationship between neonatal and adult body masses, some of which is apparently explained by phylogeny: at any given adult body mass some taxa produce heavier neonates than others (Millar 198 1) . Some of the variation explained by phylogeny is apparently due to the direct influence of phylogeny on physiology (via some morphological constraint such as placental morphology, for instance; Stearns 1983), while some is apparently adaptive (for instance, precocious neonates tend to be relatively heavier than altricial neonates; Stearns 1983) . Almost all analysis has so far been applied to terrestrial species alone (although Stearns (1983) did include 8 phocid species). Little attention has been given to the relative sizes of neonates of marine mammals, primarily because of the paucity of data available on marine species. Sufficient data are now available to allow I Received December 30, 1996. Accepted May 13. 1997. peter. webb@stonebow . otago. ac . nz) .
Materials and methods
I collected data on the mean body masses of adult female and neonatal cetaceans and pinnipeds from the literature. Where only an upper and a lower limit to body mass were available I took the mean of the upper and lower limits. I combined these data with data on mean neonatal and adult body masses of bats (Chiroptera) (Kurta and Kunz 1987) , primates (Harvey and Clutton-Brock 1985) , and other terrestrial mammal orders (Kenyon 198 1 ; Millar 198 1) and used analysis of covariance (ANCOVA) to search for interorder differences in the log-log relationship between neonatal and adult body masses.
Results
My search was by no means exhaustive and was largely based on published reviews rather than primary references. The final data set comprised neonatal and adult body masses for 384 species of mammal, including 18 cetaceans, 26 pinnipeds, and at least 6 species from each of 8 orders of terrestrial mammals, including terrestrial Carnivora (suborder Fissipedia). There was significant interorder variation in the slopes of the model I log -log regression relationship between neonatal and adult body masses (full factorial ANCOVA, F18,2661 = 3.9, P < 0.001). but this significance was removed by treating the pinnipeds and fissipeds as two separate groups (FI9,,,, = 1.3, P = 0.22). Although there log adult body mass (kg) was no significant difference in the slope of the relationship between the two carnivoran suborders (F11,6.11 = 0.9, P = 0.34), at any given adult body mass, pinnipeds produced heavier neonates than did fissipeds (F11,61j = 5.6, P = 0.02; Fig. I ). Pinnipeds and fissipeds were therefore treated as separate groups in all subsequent analyses.
There was significant intertaxon (using the 10 taxonomic groupings mentioned: pinnipeds, fissipeds, and the other 8 mammalian orders) variation in the intercept of the relationship between neonatal and adult body masses = 9.5, P < 0.001), implying that for any given adult body mass some taxa produced heavier neonates than did others. Intertaxon variation in adult and neonatal body masses was removed by subtracting taxon means from all data. The mean slope of the relationship between neonatal and adult body masses was then calculated from these corrected data using model I regression analysis (mean slope = 0.848, SD = 0.018, n = 384, r2 = 0.856, F11,3821 = 2263.9, P < 0.001).
The mean intercept of the relationship between neonatal and adult body masses was then calculated for each taxon by converting all raw data to loglo adult body mass = 1 using an overall mean slope of 0.848. The significance of intertaxon differences in intercept were then tested using pooled variance two-sample t tests. The mean intercepts for cetaceans and pinnipeds were the highest and the second highest, respectively, of all the taxonomic groups tested ( Table 2) . The mean intercepts for cetaceans and pinnipeds were significantly different to those for any other order or suborder (Table 2) .
Discussion
At any given adult body mass, neonatal body mass was greater in cetaceans than in any other order (including pinni- log adult body mass (kg) log adult body mass (kg) peds; Fig. 2 ) and greater in pinnipeds than in fissipeds. Why do marine mammals produce relatively large neonates? There are several potential explanations.
First, it is possible that these findings reflect in part a difference between intra-and inter-taxon scaling of neonatal body mass with adult body mass. The slope of the intertaxon the intercept of the log -log relationship between neonatal relationship (0.95; Fig. 3 ) is greater than that of the intraand adult body masses (Table 1) and adult body mass (r2 = taxon relationship (0.85), with the result that (ignoring 0.66, F11,71 = 13.2, P = 0.008). As cetaceans were the chiropterans) there is a significant positive relationship between heaviest and pinnipeds the third heaviest taxa studied, this helped to elevate the intercepts (Table 2) for both taxa. Also, when the residuals from the intertaxon relationship between neonatal and adult masses (Fig. 3) are compared, cetaceans came only third highest, lagging behind chiropterans and pinnipeds. However, differences in body mass seem insufficient to be the sole explanation for the difference in neonatal body masses between the two carnivoran suborders (Fig. 1) .
Second, marine mammals are precocial, so their neonates need to be well developed, with good neuromuscular coordination. Precocity certainly explains some of the residual variation in neonatal body mass of mammals once the effect of adult body mass has been removed (Stearns 1983) ; however, there is no reason to expect the neonates of marine mammals to be any more highly developed than those of other precocia1 mammals such as the Artiodactyla or Perrisodactyla.
Third, marine mammals live in an environment where buoyancy is all important and where conductive heat loss to the environment is potentially very high. In most species both problems are circumvented by the possession of a subcutaneous layer of blubber that acts both as insulation (Sokolov 1962; Kvadsheim et al. 1996) and to lower specific density (Slijper 1979) and in adults can make up 20-40% of total body mass (Bryden 1972) . Large size will also reduce the body surface area to volume ratio, thus limiting heat loss to the environment. However, pinnipeds spend the first few weeks of life on land, not in the water, and many species are well furred and therefore, during this period, unlikely to be in greater need of good subcutaneous insulation than any terrestrial mammal. The available information in any case suggests that the blubber layer is virtually nonexistent in most neonatal marine mammals (Ling 1974 ) and develops rapidly during suckling.
Fourth, the cost of locomotion and of load carrying per unit distance is much lower for marine mammals than for their terrestrial counterparts (Schmidt-Nielsen 1972) . Perhaps marine mammals can afford to retain a larger, heavier foetus because of the relatively low impact of additional body mass on both maneuverability and energy demand in an aquatic environment?
Fifth, there may be a problem with the quality of the data used in the analysis, much of which were taken from secondary references. Mammalian neonates grow quickly and neonatal body masses estimated on individuals a few days old could be significant overestimates. Finally, heavier neonates may simply be a nonadaptive result of ecology, morphology, or phylogeny; for instance, they may be a byproduct of placental morphology (Kihlstrom 1972) , uterine capacity, or the size of the pelvic canal (Millar 198 1) .
I suggest that no good single explanation currently exists for the relatively large size of the neonates of marine mammals, but that it is due to a combination of some or all of the above factors, or to some other factor yet to be identified. Also the reasons for producing large neonates may well vary among marine taxa. A further analysis that may help to provide more insight would be a comparison of gestation lengths and foetal growth rates among mammalian taxa. However, the logistical difficulties associated with obtaining these measures from marine mammals mean that such information is currently severely limited.
